This paper describes a four quadrant, 25OkW(55OV, 450A) switch-mode, zero current soft switching (ZCS) power converter for a 1.4 GeV beam transfer line magnet. The ZCS technique is the preferred approach for the high power switch-mode converters employing Insolated Gate Bipolar Transistors (IGBT) to reduce switching losses and EMI. This switch-mode power converter topology has been selected because of the high dynamic response, low output ripple, and low input current harmonics. In this paper, the circuit topology, function of the system components, key system specifications and experimental results for a 250kW switch-mode converter are described in detail. The experimental results include output current transient response and conducted electromagnetic interference (EMI, measurements at both AC input and DC output). The design and development process employed is based on virtual electrical simulation of the system. This technique has been essential for the successful development of this unit.
INTRODUCTION
This paper deals with the description, specification, experimental and simulation results of 250 kW switch mode converter for pulse magnet power supplies. In section 2, the basic converter topology including control philosophy and system parameters is described. The key specifications are outlined in section 3. The experimental results including input and output EM1 are outlined in section 4. The simulation results and the prototype development process are discussed in section 5. (Ro3) improve output transient performance for the pulsing applications.
BASIC CONVERTER SYSTEM
The control strategy for the high frequency inverter employs an outer magnet current (Io) loop with an inner unfiltered voltage (V,) loop. Figure 2 shows the basic four quadrant regenerative circuit and its connections with converter in figure 1. 
KEY SYSTEM SPECIFICATIONS
This section identifies the significant performance requirementshesults for input and output of the 250 kW converter. Both simulation and experiments have verified that the required performance has been met.
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MENTAL RESULTS
Input line current and output voltage ripple (low and high frequency) results are similar to the results presented in 100 kW paper [l] . Tables 1 and 2 show EM1 results at input and output of the unit, respectively. Figures 3 and 4 show the waveforms at full power for magnet voltage (Vo) magnet current (Io) and energy storage capacitor C5 voltage (V5) during rise, flat and fall periods of the magnet current. Figure 5 shows the magnet voltage and current waveforms during reversal of magnet current from +loo% to -100%. 
SIMULATION RESULTS
This virtual electrical prototyping by simulation has been extremely useful in the reduction of design and implementation periods for the prototype. The simulation results for all the relevant performance, including system losses and EM1 were close to the experimental results.
CONCLUSIONS
This paper has discussed the features and results of a 250kW four-quadrant switch mode converter. This converter was designed and tested using a virtual prototyping simulation process described in [l] . For any questions, please contact: Shashi Dewan (sdewan@,inveruower.com) or Bob Holmes (iepower@iepower.coin) .
